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En nv vi ir ro on nm me en nt ta al l i io od di in ne e d de ef fi ic ci ie en nc cy y c co on nt ti in nu ue es s t to o b be e a a s si ig gn ni if fi ic ca an nt t p pu ub bl li ic c h he ea al lt th h p pr ro ob bl le em m w wo or rl ld dw wi id de e. . O On n t th he e o ot th he er r h ha an nd d, , i io od di id de e e ex xc ce es ss s r re es su ul lt ts s p pr ri in nc ci ip pa al ll ly y f fr ro om m t th he e u us se e o of f i io od di in ne e--c co on nt ta ai in ni in ng g m me ed di ic ci in na al l p pr re ep pa ar ra at ti io on ns s o or r r ra ad di io og gr ra ap ph hi ic c c co on nt tr ra as st t m me ed di ia a. . F Fo or r t th hi is s r re ea as so on n w we e i in nt te en nd de ed d t to o e ex xp pl lo or re e i io od di id de e e ex xc ce es ss s i im mp pa ai ir rm me en nt t o on n p pr ro oo ox xi id da an nt t/ /a an nt ti io ox xi id da an nt t b ba al la an nc ce e o of f t th he e t th hy yr ro oi id d g gl la an nd d, , h he ep pa at ti ic c t ti is ss su ue e a an nd d i in n b bl lo oo od d a an nd d t th he e e ef ff fe ec ct t o of f S Se el le en ni iu um m a ad dm mi in ni is st tr ra at ti io on n o on n o ox xi id da at ti iv ve e s st tr re es ss s m ma ar rk ke er rs s u un nd de er r t th he e s sa am me e c ci ir rc cu um ms st ta an nc ce es s. . 
M
Me ea as su ur ri in ng g H H+ + d do on no or r a ab bi il li it ty y o of f t th he e s se er ra a a an nd d c ca at ta al la as se e a ac ct ti iv vi it ty y i in n t th hy yr ro oi id d g gl la an nd d a an nd d i in n h he ep pa at ti ic c t ti is ss su ue e a as ss se es ss se ed d a an nt ti io ox xi id da an nt t d de ef fe en ns se e. . (12) . Much of the reactive oxygen species production occurs in mitochondria, via oxidative phosphorilation. Because the mitochondria contains specific receptors for the thyroid hormones, being one of the "favorite" target for them, the concept about a possible relationship between reactive oxygen species production and thyroid pathology has increasing importance (38) . When the thyroid hormones production increases hepatic tissue is, also, subjected to oxidative stress because of their action on liver mitochondria and on Kupffer cells (11) .
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On the other hand, excess iodide displays different effects depending on the intake amount and on the thyroid status at that time, leading to an increase or a decrease in thyroid hormones production.
Because the thyroid gland is subjected to reactive oxygen and iodide species action during thyroid hormones production, the aim of the present study was to investigate the iodide excess-4 induced disturbance on prooxidant/antioxidant balance in the thyroid gland, hepatic tissue and blood.
Material and methods
Animals and housing conditions
Wistar rats, male, 90 days old, weighting 180-330g,
were maintained under pathogen-free conditions in a temperature-controlled (23 ± 1 0 C, 50-70% relative humidity) and light-controlled (illuminated from 0600-1800 h) room.
None of the animals died unexpectedly.
Dietary iodine intake
Four groups of 40 animals, each group consisting in 10 rats, were investigated: group 1:control-normal iodine supply equivalent to a daily intake of 7000 ng iodine/100 g body weight, using a standard chow, group 2: high iodine diet by adding a defined admixture of potassium iodine to drinking water (1 µg/100g body weight /daily, the equivalent of approximate 500 µg iodide in man), group 3: high iodine diet, similarly to group 2, and Selenium (0.25 ml/body weight/day, subcutaneous); 1ml contains 0. 
Experimental procedures
Blood was taken from the retro orbital sinus then animals were killed by decapitation under ether anaesthesia. Thyroid gland and the liver were rapidly excised and placed into Petri dishes containing ice-cold isolation medium. Tissues homogenates were used for analytical procedures. Lipid peroxides were assessed from the thyroid gland, hepatic tissue and blood.
Catalase activity was determined from the thyroid gland and hepatic tissue. In serum, hydrogen donor ability was assessed too. Lipid peroxides were analysed measuring the production of Hydrogen donor ability (% inhibition) was assessed using Janasewska method (20) . All results were expressed as the mean ± SEM (standard error of the mean). Data were analysed by Student "t" test. Differences were considered significant when p<0.05.
Results
In the thyroid gland, a high iodine diet determined a significant concentration by down regulation of the sodium iodine symporter (NIS) and therefore permits the TPO-H202 system to resume normal activity (27) .
In our experiment it was noticed that a high iodine diet induced oxidative stress in the thyroid gland, leading to an increased lipid peroxides level in this tissue. We propose, at least, two hypotheses that could explain the mechanism of the oxidative attack: excess iodide has an indirect effect, by altering the thyroid hormones synthesis, and a direct effect exerted on the thyroid gland. Regarding the first hypothesis, a high iodide diet determined an inhibition of thyroid hormones synthesis for a few days, explained through the acute Wolff-Chaikoff effect.
After the escape from this phenomenon, a sudden increase in hydrogen peroxide production and thyroid hormones synthesis occurred. Hydrogen peroxide reacted with the polyunsaturated 13 acids from the follicular cell membrane leading to a high level of malondialdehyde in thyroid gland. Because the hydrogen peroxide represents the specific substrate for catalase, an antioxidant enzyme, an increase in hydrogen peroxide production led to an increase in catalase activity in order to neutralize this reactive oxygen specie, as it was noticed in our experiment. It is well known that the mitochondria contains specific receptors for the thyroid hormone and it is, also, the place were much of the reactive oxygen species production occurs, via oxidative phosphorilation (39) . After the escape from the Wolff-Chaikoff effect, thyroid hormone stimulated hydrogen peroxide production acting on mitochondria. In this way the oxidative attack in the thyroid gland is emphasized.
Furthermore, the thyroid hormone, having prooxidant effect on liver (12, 22) , determined an increase in lipid peroxides level and in catalase activity in this tissue. Also, in the first days, when the Wolff-Chaikoff effect is present and thyroid hormone production is low, it could be possible a rise in thyroidstimulating hormone (TSH) level, which directly stimulates the hydrogen peroxide production in the thyroid gland.
The second hypothesis that we proposed, regarding the direct oxidative effect of a high iodine diet on the thyroid gland, is sustained by other studies. As already proposed (28), the production of free radicals occurring after administration of a high dose of iodide could overwhelm the normal cellular defences against free radicals (e.g. glutathione peroxidase, superoxiddismutase, catalase). This could be explain as follows:
when iodide is in excess as compared to tyrosine residues, it reacts with the iodinium cation formed by iodide oxidation to give molecular iodine, which could in turn react with the peroxide to form oxygen-derived free radicals. These radicals would then induce not only lipid peroxidation and thus membrane damage, but also protein and even DNA alterations.
All these events could be finally responsible for the cell necrosis by a mechanism dependent on the peroxidase activity and peroxide generation (24, 25) .
The acute effects of increasing doses of sodium iodide were studied on human thyroid follicles isolated from normal were thus, from 100-10,000 times higher than the normal iodine plasma levels estimated to be 10 -7 M, in euthyroid human beings, with an optimal daily iodine intake of 100-200 µg (17) .
The necrotizing effect could result from the synthesis of an organic iodocompound. The nature of this compound is still unknown, but some iodinated derivatives of arachidonic acid mimic the action of iodide on thyroid growth (15, 33) and on cAMP production in vivo (33) . A major thyroid iodolipid has been identified as an iodoaldehyde: 2-iodohexadecanal (32).
However, the necroting effect could result from lipid peroxidation initiated by free radical attack. The ultrastructural changes induced by a high dose of iodide in human follicles:
formation of blebs, membrane shedding, endoplasmic reticulum vesiculation, lipofuscin inclusions (28) are suggestive for a free radical attack as observed in many other cell types (7, 31) .
Other in vitro studies showed that excess iodide displayed a dose dependent cytotoxicity, thyroid tissue specific. Thyroid cells treated with iodide excess underwent apoptosis as evidenced by morphological changes, plasma membrane phosphatidylserine exposure and DNA fragmentation. Also, it has been noticed that the apoptosis in the thyroid cells was mediated through a mechanism involving generation of free radicals (18, 40) .
Administration of pharmacological quantities of iodide (180 mg, daily) for a few months enhanced the immunogenicity of thyroglobulin reached in iodide resulting lymphocyte infiltration (Hashimoto thyroiditis) (11) . It is also possible that in vivo, the increase in hydrogen peroxide synthesis induced by iodide in iodine-depleted thyroid may have a toxic role in the cell (40) . A necrosis of follicular cells was already described after administration of iodide to iodine-deficient dogs but not to control dogs. A necrotizing effect of iodide was also described in iodine-deficient rats and mice. The toxicity of iodide was aggravated in cases of selenium deficiency, a circumstance in which defences against hydrogen peroxide are reduced due to a decreased activity of glutathione peroxidase (9).
The hypothesis that prooxidant effect of the iodide excess is mediated through an increase in thyroid hormone production is based on our results from the experimental group 4, in which
Carbimasole, an inhibitor of thyroperoxidase, co-administrated with iodide determined a significant decrease in lipid peroxides level and in catalase activity in both thyroid gland and hepatic tissue. Also, this evidences suggests that ionic iodide is not directly toxic for the follicular cell, whereas its molecular form, produced by thyroperoxidase oxidation, mediates lipid peroxidation in the thyroid gland. Selenium administration in animals from group 3 had different effects on the lipid peroxides level. In the thyroid gland, Selenium, a well-known antioxidant in disorders caused by an excess in thyroid hormones (23) , had almost no effect as compared to excess iodide treated animals, despite of the fact that the thyroid gland contains the highest Selenium level in the whole body (10).
Selenium p pr re ev ve en nt te ed d l li ip po op pe er ro ox xi id da at ti io on n i in n h he ep pa at ti ic c t ti is ss su ue e a an nd Amiodarone-induced thyrotoxicosis (AIT) occurs in 2-12% of patients on chronic amiodarone treatment. Some studies indicate that the incidence varies according to the dietary iodine intake in the population; AIT prevails in areas with low iodine intake (e.g., central Europe) and is rather uncommon in iodine replete areas (e.g., North America and UK) (19, 30) . However, in a Dutch study involving euthyroid subjects living in an area with a moderately sufficient intake of iodine, the incidence of 
Conclusions
Present experimental data allow us to conclude that a high iodide diet, more than three times over the daily physiological 
